The intention of the present study was to design and assess oral sustained drug delivery systems for Eplerenone, using Cellulose and natural polymers as release modifiers in the form of matrix tablets. Material and methods: Matrix tablets containing cellulose polymers like HPMC K4M, HPMC K15M, NaCMC and natural polymers like Guar Gum, Xanthan Gum, and Karaya Gum were prepared by wet granulation technique using PVP K60 as a tablet binder. Results: The optimized formulation (F1) contains 1: 0.70 ratio (D: HPMC K4M) and (F4) contains 1:1 ratio (D: Guar gum) respectively. The in-vitro release kinetic studies of prepared matrix tablets with both the polymers were studied. The kinetic treatment illustrate that the optimized formulation (F1 and F4) followed zero order kinetics with release exponent (n) 0.87. Drug content in the tablets and amount of drug released were estimated by reported HPLC method. The FT-IR and DSC studies did not show any interaction of drug with the excipients used in the formulation. Conclusion: The results clearly indicated that Eplerenone could be successfully prepared using an appropriate ratio of cellulose polymers like HPMC K4M, and natural gums like Guar gum in the form of matrix tablets
Present research work was undertaken to fabricate low cost sustained release matrix tablets of Eplerenone. There were no reports on sustained release formulations of eplerenone therefore, an attempt was made to formulate eplerenone in the form of a sustained release dosage form and study the influence of hydrophilic matrix forming agents on the in vitro release profiles from developed controlled/modified release matrix tablets. Eplerenone (EP) is methyl hydrogen 9, 11-epoxy-17-hydroxy-3oxopregn-4-ene-7, 21-dicarboxylate, γ-lactone and a highly selective aldosterone blocker [1] . Eplerenone is used for treatment of hypertension and heart failure. Eplerenone is a steroid nucleus-based anti mineral corticoid that is chemically and enzymatically inter convertible to an open lactone ring form. In basic medium, Eplerenone is hydrolyzed to the open lactone ring form [2] . Eplerenone is a suitable candidate for Sustainedrelease (SR) administration as a result of its dosage regimen (twice or thrice a day) [3] . Unavailability in the market as SR dosage form, good absorption in the entire GI tract, relatively short plasma half-life of approximately 4 hrs [4] [5] . Necessitate the use of Eplerenone as sustained release formulation to improve patient compliance.
Matrix system is the release system, which prolongs and controls the release of drug that is dissolved or dispersed in polymer matrices [6] . Hydrophilic polymers such as (HPMC, NaCMC etc.) are widely used in the formulation of modified-release oral dosage forms. This popularity can be attributed to the polymers for the reason that they are non-toxic nature, available with different chemical substitution, having good compressibility and different hydration rates with a choice of viscosity grades. Three aspects of HPMC govern its performance in an extended-release matrix system. First and prominent feature is rapid formation of a viscous gel layer upon hydration. Subsequently viscosity of the rate controlling polymer used and the third aspect is integrity of Matrix during dissolution testing was maintained. Once the gel layer is formed, viscosity of the gel layer regulates the overall rate of drug release [7] .
Natural gums are polysaccharides consisting of multiple sugar units linked together to create large molecules. Upon hydrolysis they yield simple sugar units such as arabinose, galactose, glucose, mannose, xylose or uronic acids, etc. The polysaccharide gums represent one of the most abundant industrial raw materials and have been the subject of intensive research due to their sustainability, biodegradability and biosafety [8] .
Natural gums like Guar gum, Karaya gum and xanthan gum gained researchers interest in tablet formulation because of their swelling capability, simplicity and cheap production process. Guar gum is a natural macromolecular galactomannan. The potential of guar gum as an inexpensive and flexible carrier for oral extended release drug delivery has been highlighted [9] .
Xanthan gum is a high molecular weight extracellular polysaccharide produced by fermentation process from microorganisms (Xanthomana campestris). The viscosity of the xanthan gum solution is nearly independent of pH and temperature. Xanthan gum is biodegradable and biocompatible and forms gel in water. These properties have led to an increase in use of xanthan gum for fabrication of modified release dosage form [10] .
Gum Karaya is a vegetable gum produced as an exudate by trees of the genus Sterculia. Chemically, gum karaya is an acid polysaccharide composed of the sugars galactose, rhamnose and galacturonic acid [8] .
Chemicals and reagents
Eplerenone was generous gift from AET, (Hyderabad, India). NaCMC, Hydroxypropyl Methyl Cellulose (HPMC K4M, K15M) were obtained from ISP, (Hyderabad, India). Guar gum, Xanthan gum and Karaya gum were obtained from Dabur, (Delhi, India). All other chemicals used were of analytical grade.
Preparation of Eplerenone sustained release matrix tablets
Eplerenone sustained release matrix tablets were prepared by wet granulation technique with varying ratios of hydrophilic polymers (HPMC K4M, HPMC K15M and NaCMC) and natural gums (Guar gum, Xanthan gum and Karaya gum). In this process accurately weighed quantities of drug filler blend was mixed with varying concentrations polymer in a mortar and mixed slightly with pestle. The obtained drugpolymer mixture was sifted through sieve # 40 to get uniform particle size and collected in a polythene bag and further mixed for about 3 minutes to ensure a homogenous blend. This was granulated with water containing 0.6 % of PVP K60 and dried the granules between 50 0 C to 60 0 C in tray drier for 15-20 min. After drying, obtained granules were passed through # 25 mesh. Accurately weighed Aerosil and Magnesium stearate were sifted through sieve #60 and mixed uniformly with blend, and lubricated for 5 minutes in a polythene bag. Final lubricated blend was compressed into tablets with 6±2 kpa of crushing strength using 8 mm concave punches and corresponding dies on 16 station rotary compression machine (Riddhi, Ahmedabad, India). The total weight of the tablet was 230mg. The qualitative and quantitative compositions of tablets were shown in Table 1 .
Table 1: Composition Eplerenone Sustained Release Tablet Formulations

Characterization of tablets
Compressed tablets were characterized for weight variation and uniformity in thickness using analytical balance (DENVER APX 60, Denver Instrument GmbH, Germany), and digital micrometer (Mitutoyo, Japan), respectively. Crushing strength was measured with Pfizer hardness tester, friability with Roche type friabilator. The drug content in each formulation was determined by triturating the tablets. 10 tablets were taken into a clean, dry mortar and crushed the tablets to fine powder. Accurately Weighed powder equivalent to 70mg of Eplerenone (230 mg) was taken into a 200ml clean, dry volumetric flask, to that 70ml of mobile phase was added and sonicated for 15 minutes, and made up to volume with mobile phase and filtered through 0.45 microns syringe filter, this solution 5 ml was diluted with mobile phase and analyzed by using HPLC at 240 nm.
FTIR study
Pure drug and physical mixture (F1 & F4) were subjected to FTIR studies. Physical mixture was prepared by simple blending. The IR spectra for the test samples were obtained using potassium bromide disk method using an FTIR spectrometer (PERKIN ELMER FT-I Insf. USA).
DSC Study
Pure drug and physical mixture (F1&F4) were studied for Differential scanning calorimetry (DSC) using DSC 822e/TGA SDTA 851e (SWITZERLAND) instrument equipped with a thermal data system. Calculation of the loading and sustained dose [11] .
The total dose of Eplerenone for biphasic delivery was calculated with available pharmacokinetic data [12] . As per the zero order release principle, the rate of delivery must be independent of the amount of drug remaining in the dosage form and constant over time. The release from the dosage form should follow zero-order kinetics, as
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Eplerenone 70 70 70 70 70 70 , which should also have been equal to the elimination constant so as to maintain the steady state condition. For a system in which the maintenance dose releases drug by a zero order process for a specified time, the total dose is as follows:
Total dose = DT = DL*+DM, Eq. (5) DL *is corrected loading dose DM = K 0 r×H= 4.158 ×12 = 49.89 mg If the maintenance dose begins the release of the drug at the time of dosing, it will add to that which is provided by the initial dose, thus increasing the initial drug level. In this case, a correction factor is needed (K 0 r× TP) to account for the added drug from the maintenance dose. This correction factor is the amount of drug provided during the period from t=0 to the time of the peak drug level, TP. If DL is 24mg, K 0 r is 4.158 mg/h, and TP is 1.5h, then the corrected loading dose (DL*) = DL-(K 0 r×TP) = 4.158 ×1.5= 17.763 Thus, the total dose required (DT) =DL*+DM= 17.763 +49.89 = 67.653 mg
The total dose of Eplerenone was rounded off to 70 mg (17.763 mg loading dose and 49.89 mg maintenance dose).
Drug release kinetics
The description of dissolution profiles has been attempted using different release models. The data were evaluated according to the following equations. Where Mt is the amount of drug dissolved in time t, Mo the initial amount of drug, K1is the first order release constant, K0 the zero order release constant, KH the Higuchi rate constant, Kk the release constant and n is the diffusional release exponent indicative of the operating release mechanism. The correlation coefficient r was used as an indicator of the best fitting, for each of the models considered table 2 
Stability studies of sustained release matrix tablets
The stability study was carried out for optimized formulations F1 and F4. The tablets were placed in amber colored bottle and were stored for six months at a temperature of 40 0 C ± 2 0 C and RH 75% ± 5%. The tablets were evaluated for any change in physical appearance and percent cumulative drug release after one, three and six months. The obtained results were compared with the stability data for zero time and room temperature (25 0 C ± 2 0 C) and relative humidity (60% ± 5%RH) as per ICH guidelines [13] . Swelling studies The Eplerenone sustained release matrix tablets were dipped in pH 6.8 phosphate buffer at room temperature. The swollen weight of the tablets was determined at predefined time intervals. The wet weight of the swollen tablets was determined by blotting them with filter paper to remove moisture adhering to the surface, immediately followed by weighing on an electronic balance [14] .
The swelling index was calculated by the following equation
Swelling Index  (Wt -W0)/W0 Eq. 10 Where W0 is the initial weight of tablet, and Wt is the weight of tablet at time t.
In-Vitro Dissolution
The Eplerenone release from different formulations was determined using a USP XXIV basket apparatus Type 1. The dissolution medium was 900 ml buffer (pH 1.2 buffer for 2 hours and 6.8 phosphate buffer for 10 hrs) at 37± 0.5 °C; stirrer speed 50 rpm. The formulations prepared were subjected to dissolution tests for 12 h. Sample (5 ml) was withdrawn at predetermined time intervals, filtered through filter paper (0.45 μ) and replaced by an equal volume of dissolution medium. Drug content in the dissolution sample was determined by HPLC. The results were expressed as mean ±S.D (n=6). 
HPLC Analysis
The quantitative determination of Eplerenone was performed by HPLC, which has gradient elution capability, a UV spectrophotometer detector and auto sampler was used (Waters Allience 2695 separations module, Waters 2487 dual λ absorbance detector of equivalent). A Stainless steel column (inertsil ODS 3 V 250mm, 4.6mm, 5µ ID) 250mm long, 4.6mm internal diameter filled with octadecylsilance chemically bonded with silica gel particles of 5 µm diameter. Quantitation was performed according to the earlier reported method with a slight modification [3] . Mobile phase consisted of mixed buffer of pH 3.2 (potassium dihydrogen orthophosphate) and organic mixture (Acetonitrile and Methanol in the ratio of 90:10.) (V/V) in the ratio of 50:50 and filtered through 0.45 µ and degassed. The filtered mobile phase was pumped at a flow rate of 1 ml/min. 10 µl of sample was injected into the column and the retention time of Eplerenone was found to be 10 min. The elute was detected by HPLC at 240 nm. (Fig.1. Typical  Chromatogram) 
Fig.1. Typical Chromatogram obtained from Eplerenone tablet solution
Physical properties of the compressed granules matrix system
The sustained release matrix tablets were prepared by granulation using PVP K60 as a binding agent using Methocel (K4M, K15M and NaCMC), guar gum, xanthan gum, gum Karaya, microcrystalline cellulose, aerosil and magnesium stearate as glidant and lubricant, respectively. The results of the physical characteristics of sustained release matrix tablets are shown in Table 3 The weight and thickness of the all the tablets were uniform as it was evidenced from RSD values, which were less than 3 indicating uniformity of weight and thickness. Hardness of tablets was found to be between 5.49 to 6.32 kg/cm 2 indicating sufficient crushing strength. The friability was below 1% for all formulations, indicating good mechanical resistance of the tablet. The drug content varied between 69.59 to 70.50 mg in all tablets with low standard deviation indicating content uniformity of the prepared batches. Swelling Index Tablet composed of polymeric matrices build a gel layer around the tablet core when they come in contact with water. This gel layer governs the drug release. Kinetics of swelling is important because the gel barrier is formed with water penetration. Swelling is also a vital factor to ensure sustained release matrix tablets. Swelling index studies were carried out for the optimized formulations containing HPMC K4M (F1) and Guar gum (F4) to understand the influence of swelling on drug release. The swelling index values for HPMC K4M formulations were found to be 75 % where as more than 85 % swelling was observed for formulation containing Guar gum in 6.5 hrs. Swelling index was improved, with increasing time whereas weight gain by tablet was proportional to rate of hydration up to 6.5 hrs, afterwards it reduces gradually due to disappearance of outermost gelled layer of tablet into dissolution medium. This is represented graphically in figure 2. Page 227
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Fig. 2. Swelling index of formulation F1& F4
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In view of the fact that swelling was more in natural gums, it offers further fluid penetration in to the gel matrix, and thickness of the gelled layer increases, which permit water soluble drugs to diffuse out through the gel barrier, as a result of which the drug release cannot be extended for a longer period of time. All the tablets of different formulations were subjected to various evaluation tests such as thickness, hardness, weight variation and drug content in prepared tablets. The thickness of all the prepared tablets with cellulose polymers as well as natural gums ranged from 3.46±0.07 mm to 3.93±0.08 mm. The average percentage deviation of 20 tablets of each formula was less than ±5%. Drug content was found to be uniform among different batches of the tablets and ranged from 99.41±0.34 % to 101.71±0.34 %. The Hardness of tablets formulated with cellulose polymers like HPMC K4M, and Na CMC ranged from 6.06 ± 0.69 to 6.75 ± 0.21 kg/cm 2 . Whereas hardness of the tablets formulated with the natural gums like guar gum, Karaya gum and xanthan ranged from 4.89 ± 0.31 to 5.69 ± 0.85 kg/cm 2 respectively. The observed low hardness values of formulations containing natural gums are as a result of the poor flow properties and insufficient compressibility nature of natural gums [15] . A hardness of 6.17 ± 0.45 kg/cm 2 and 5.69 ± 0.85 was recorded for the optimized formulations (F1&F4) containing cellulose polymer and natural gum, HPMC K4M, Guar gum in the ratio 1:0.70 and 1:1, with excellent flow properties and superior compressibility.
The hardness is not an absolute indicator of strength. An additional measure of a tablet's strength is friability. The accepted limit is below 1% friability of the optimized formulations (F1&F4) containing cellulose polymer and natural gum (HPMC K4M and Guar gum) have shown good compressibility of polymer blend with retarding characteristics. These parameters provide justification and suitability of cellulose polymers (HPMC K4M) and natural gums (Guar gum) as sustained release matrix forming components.
The results of dissolution studies of formulations F2, F3 composed of cellulose polymers alone , HPMC K15M(1:0.71) and Na CMC (1:0.71) respectively (drug-to-polymer ratio) showed 10.99% and 35.77% drug release at the end of 1 hr. Whereas formulations F5 and F6 containing Karaya gum and Xanthan gum alone (1:1), (1:1), respectively (drug-to-polymer ratio) showed 29%, 40%, drug release at the end of 1 hr. Formulation F1 contains HPMC K4M (1:0.71) (drug-to-polymer ratio) showed 34%, 52%, 73% and 100% drug release and formulation F4 contains Guar gum (1:1) (drug-to-polymer ratio) showed 33.87%, 51%, 73% and 101% drug release at the end of 1,4,8 and 12 th h respectively according to theoretical release profile. (Shown in Fig. 3 ).
The n values of peppas were in the range of 0.70 to 0.87 indicating that the drug release was anomalous diffusion. In general drug release from compact matrices follows a Fickian mechanism, but sometimes because of the presence of other additives, a mixture of diffusion (case -I) and chain relaxation (case -II) is seen. However, when drug diffusion does not follow a Fickian mechanism, it is too similar to a zero order continuous and homogenous release kinetic.
Fig.3. Drug release profiles of Eplerenone SR matrix tablets. (mean ± SD, n = 6).
FTIR studies
To study any interaction between drug and polymers used in the development of sustained matrix tablets IR spectroscopy was carried out for the formulations F1and F4. The IR spectra of the (F1 and F4) formulations showed the same absorption bands as the physical mixtures and pure drug indicating absence of interaction between Eplerenone and methocel and gums ( Fig. 4) . It presumably suggests that the drug molecule is present in an unchanged state in the sustained release matrix tablet.
Fig.4. FT-IR Spectra of pure drug, physical mixtures of cellulose and natural gums
Differential scanning colorimetry
The DSC thermogram of the pure drug, physical mixture of drug and polymer which was kept at 40ºC and 75%RH revealed that an endothermic peak of melting of drug appears at about 245.07ºC indicated that there was no incompatibility between drug and excipients ( Fig 5) .
Fig 5. DSC thermogram of (E) pure drug (F1) physical mixture and (F4) physical mixture
The formulated tablets showed acceptable weight variation, hardness, drug content uniformity with sustained release matrix characteristics. The in-vitro release profiles of optimized formulation F1 and F4 showed desired sustained release characteristic and the drug release was sustained for 12 hrs. Indicating cellulose polymers and natural gums like guar gum are prospective excipients for the formulations of aqueous soluble drugs like Eplerenone for oral sustained release matrix tablets.
